 Compares centralised coal generation and decentralised renewable energy  Rural renewable energy investment is equivalent to centralised imported coal option  Pollution costs of coal emissions makes renewable generation more attractive  Employment benefits from rural electrification will drive rural development  Centralised generation a poor fit for rural load requirement Abstract
INTRODUCTION
were ignored because no formal link was made between coal emissions and lung problems until 1914 (Freese, 2006) . In 1952 a particularly severe fog led to more than 4000 deaths, bronchial problems and economic disruption. The Clean Air Act of 1956 followed to control coal emissions including restrictions on the use of coal for heating in homes (MetOffice, 2015) . The USA passed the Clean Air Act of 1970 which similarly sought to control pollution from burning coal. What was learnt over the 100 years of coal use to power development was that it was only acceptable if the coal was burnt away from densely populated urban areas so that emissions could be dispersed and diluted to limit impact on human health.
Decades later China deployed coal to fuel development but the health implications for the Chinese have been severe. The drag on the economy from airborne pollution is estimated to have decreased consumption and resulted in welfare loss of between 5 and 14% to the Chinese economy (Matus et al., 2012 ). China's Health Minister from 2007 to 2013, a professor of medicine and molecular biologist, has stated that lung cancer is now the leading cause of death in China and that 350,000 to 500,000 people die prematurely annual as a result of pollution. Consequently, China is preparing to spend US$278 billion over the next 5 years in an attempt to control pollution (Chen et al.) .
Despite the impact on health and well-being associated with reliance on coal for energy use, India seeks to use coal for development. Indian power companies are not able to source enough coal domestically for this purpose, causing them to look to international sources. Adani, an Indian company, has invested in ports and power companies in India and mining ventures in Indonesia and Australia. Their Indonesian mine started producing coal in 2013, and in 2014 their Australian venture received approval to proceed from the Queensland Co-ordinator General.
The Galilee Basin in Queensland contains a very large reserve of coal but without easy access to markets. Adani purchased land and a mining license in the Galilee Basin for around $635million in 2010, followed by the purchase of the Abbot Point Coal Terminal from the Queensland Government in 2011 for AU$1.8bn. In order to export coal to India, Adani's Galilee Project proposes further investments of: AU$16 bn on developing and operating the Carmichael Coal Mine over 60 years; AU$1.2bn on building a rail corridor to the closest existing rail networks; and expanding the Abbot Point Coal Terminal to accommodate the processing of an additional 60 million tonnes per annum (mtpa) of coal (GHD Pty Ltd, 2013 ).
This paper looks at the costs associated with a large mine development, multiple coal transportation systems, a fleet of coal-fired power stations and the network infrastructure required to distribute power to those without access to electricity in India. It compares this with the costs of decentralised, renewable energy micro-grid systems to ascertain which option provides the greater benefit. The methods are outlined in section 2, and the results in section 3 with section 4 providing discussion around the results. Section 5 concludes.
METHODS
Data including: the mine investment; transportation investments; power station investment and operational costs; network infrastructure investment, renewable energy potential and demographics are all sourced from public sources as detailed in each of the sections below.
The health costs associated with coal burning are considerable. With China in the throes of counting the costs associated with coal pollution, evidence from China is used as a benchmark to estimate the costs that may be experienced by India pursuing the same course.
Comparing options using Levelised cost
Levelised cost over the life of the projects is used to compare the different options for Bihar because it allows for comparison between varying costs and levels of production over different technical lifetimes. The methodology ensures that investment and operating costs are discounted over varying lifetimes to their present values. Capital-intensive technologies are very sensitive to discount rates which means that the risk profile of projects need to be reflected in the discount rate. To calculate a discount rate relevant to the risk profile of these projects, the Weighted Average Cost of Capital (WACC) is calculated using a model based on Capital Asset Pricing Model (CAPM) theory. The WACC estimates the rate that a company is expected to pay on average to all its security holders to finance its investments.
Calculation of WACC
The WACC is calculated by estimating the effects of inflation, taxation, risk free rates of return, cost of equity risk premium, cost of debt risk premium, asset price risk and corporate debt to equity ratios for operations in Australia as well as in India on the discount rate. The variables listed in Table   1 are used in the calculation of WACC and LCOE.
Inflation pass through rates
The pass through rates ( ) for inflation are set at = 0.75 for revenue streams and = 100% for cost streams for non-financial operating assets. The prevailing inflation rates (CPI) for Australia and India have been sourced from the national reserve banks' base target inflation rates i.e. 2.5% and 5.7% respectively. The pass through rates are applied onto the cost and revenue streams such that in year t,
Taxation
The corporate tax rate in Australia is set at 30% (KPMG, 2015) , and following the application of deductible items such as interest payments and imputation credits, the effective tax rate is assumed to fall to 22.5% (Simshauser and Wild, 2009 ). The prevailing taxation rate for companies in India is currently 33.99% (KPMG, 2015) . Interest payments and the like are allowable deductible items, however the minimum tax rate allowable under Indian corporate tax law is set at 18.5% (Bloomberg, 2015a) .
Risk free rate of return
The risk free Rate of Return (RoR) has been calculated by taking the previous 20 day average of the 10 year government bond rates (Australia 3.72% and India 7.7%) (Bloomberg, 2015b) .
Equity risk premium
The equity risk premium is central to establishing the required rates of return to establish the WACC (Damodaran, 2013) and its use in the CAPM. For the Australian assets a benchmark 6% is used for the equity risk premium (Queensland Competition Authority, 2013) . With the Indian assets (specifically electricity generation options), the equity risk premium is derived from first principles.
While India is an emerging economy, it has a very mature equity market (Choudhary and Choudhary, 2010) . The methodology as proposed by (Damodaran, 2013 ) is used to calculate the required equity premium. As of March 2015 the country credit/risk rating for India is BBB (S&P, 2015) and the credit default swap premium of 3.5%. The scaled equity risk premium is 9.25% and the required market rate of return is 16.95%.
Debt risk premium
The debt basis point premium for the coal mine in Australian has been estimated at 295 basis points, via the standard regulatory agency guidelines for BBB+ rated corporate lending requirements (S&P, 2015) . The electricity generation asset premium in India has been derived from the prevailing 330 basis point from the prevailing country risk premium (Damodaran, 2013) . The cost of debt ( ), for the Australian and Indian operations, is derived as 6.67% and 11% respectively.
Asset risk
The asset Gamma (Γ), equity beta ( ) and the debt beta ( ), for the Adani operations in Australia have been sourced from the Queensland Competition Authority (QCA) as is the standard practice for assessing these types of projects (Queensland Competition Authority, 2013) . The equity beta ( ), is then calculated via the Monkhouse formula which is as follows:
The equivalent values for the Adani electricity generation options in India need to be carefully constructed given the greater amount of uncertainty for investing in the power sector in a developing nation. Firstly the asset Gamma is simply the imputation credit effect on taxation rates, which, given the minimum level of expected taxation is set at 18.5%, remains at 0.5. Secondly, as we are unable to directly assess the level of risk associated with the underlying equity of this corporation we have sought from the literature the standard value of 1.91 which is a function of expected leverage (Damodaran, 2013 ). This in turn allows debt beta of -0.497 to be derived.
Given exogenous input of beta equity for Indian operations, the expected asset beta can be derived as a measure of underlying asset risks as follows:
This is consistent with the calculations as presented in (Damodaran, 2015) for the Indian power sector.
Return on Equity
The required return on equity for the CAPM is calculated via the following equation:
WACC
The post-tax real WACC is used in a similar fashion as proposed by the international and Australian finance and energy literature (Simshauser and Wild, 2009 ) as a conservative proxy for investment decision hurdle rate. The post-tax WACC has been applied because of the effects of depreciation on capital intensive mining and electricity generation assets. Its calculation is as follows:
The Fisher equation allows for the conversion of the WACC into real terms, which accounts for inflationary effects over the economic life of the project assets (Acil Tasman, 2009 ) and is formulated via:
Calculation of Levelised Cost of Energy (LCOE)
After calculation of the WACC, LCOE is established using the following equation:
Where: A more detailed explanation of the specifics required for LCOE calculations for power stations can be found in (Wagner and Foster, 2011) , and a comparison of the theoretical frameworks for LCOE calculations is available in (Foster et al., 2014) .
Calculation of Long Run Marginal Cost of coal
After calculation of the WACC, Long Run Marginal Cost (LRMC) for coal including investment in the mine, rail and port is calculated using the following equation: Table 2 provides the detail of electricity tariffs and the utilities' lack of profitability.
Bihar's electrification options
The Bihar Government thus faces a choice. Electrification of its people can be achieved through investment in coal-fired generation, transmission and distribution infrastructure that will have an operating life of 40-50 years and the costs associated with large, long-lived investment. This will concentrate the business opportunity and economic benefit from the investment stimulus to the few, generally outside the state, who have the resources to finance very large investments.
Alternatively, investment in small, distributed generation can be pursued by locally based electricians, operators and businessmen in increasing quantities of energy as the economy grows, demand increases, technologies evolve and skills are dispersed throughout the State.
Historically, electrification plans have considered distributed generation only in remote areas, with the major thrust for village electrification through large, centralised coal-fired generation transmitted to rural areas. These plans have been expensive and not highly successful (ADB, 2013).
Recently, however, small commercial operations are engaging with rural communities to provide energy services utilising biomass, solar-photovoltaic (solarPV) and/or micro-grids requiring micropayments on a monthly or weekly basis (GNESD, 2014 , Bhattacharyya and Palit, 2014 , Krithika and Palit, 2013 . Costs per kWh are higher than current tariffs, but the roll-out is quick, the technology is decreasing in cost, the infrastructure lock-in is likely to be 10 years rather than 40-50 years, pollution and carbon emissions are significantly reduced and the economic stimulus is retained within the state.
Investment in coal-fired generation, transmission and distribution

Potential demand
In most research rural electrification is estimated on modest levels of demand, largely due to a lack of resources to pay for electrical devices or lavish electrical consumption. Researchers from the Ministry of New and Renewable Energy in India have quantified demand for a rural household as 0.675kW (Nouni et al., 2009 ). Other studies point to levels of demand for lighting, fans and TV only of 0.2kW (Bhattacharyya, 2015) . From current data on domestic household consumption, electricity demand is estimated to be 0.367/kW (Planning Commission, 2014a), which indicates that affordability may set average demand at the lower level of demand. Electrification to a higher household demand of 0.675kW gives the minimum capacity required for evening peak, of 12.8GW.
Applying the lower level of demand of 0.3kW would extrapolate to a minimum capacity required for evening peak of 5.7GW. For the rest of the analysis, both the higher and lower levels of demand will be examined.
Bihar currently has 0.5 GW installed, and access to 1.3GW of in-state but centrally controlled generation, with up to 2.7 GW of planned generation allocated to Bihar over the next 2 years, making a total of 4.5GW of potential generation in the foreseeable future. The higher demand level would suggest a requirement for additional coal-fired generation of 12,290MW and the lower level would indicate 4,477MW of new coal-fired generations. Calculation details can be found in Table 3 .
Fuel requirements
India's inability to source coal from domestic sources has led to interest in the Galilee Basin in Australia. Assuming that the planned and un-met demand capacity is installed, and that the usual assumptions with respect to thermal efficiency are made, Bihar's coal fired power stations will require 31.9 million tonnes per annum (mtpa) of coal for the higher level of demand and 11.6mtpa
for the lower level of demand as detailed in Table 3 .
Capital costs for transport infrastructure in India
Existing power plants in Bihar and West Bengal have struggled to access capacity on the Indian rail network to transport their coal from the ports (Government of India, 2013b) , especially in November to March when grain takes up much of the available capacity (IWAI, 2010) . In 2013, NTPC started shipping coal to their West Bengal plant using barges from Sandheads in the Bay of Bengal, outside Kolkata port, up National Waterway 1. The cost of the barges and the additional terminals for the transport of 3mtpa of coal were reported to be Rs5.76 billion (Government of India, 2013a) . Without detailed analysis into the cost of infrastructure requirement to accommodate the greater levels of wharfage and transport of coal to Bihar it is not possible to posit a reasonable investment cost.
However, if the investment in the barge system, extrapolated for the requirement for coal transportation, is used as a proxy for investment cost, then it is possible to have an indicative investment cost associated with the additional transport capacity. The costs are included in Table 5 .
Capital costs for coal-fired power stations
The International The investments required for the fleet of coal-fired power stations for both the higher and the lower level of demand are included in Table 3 . With development banks and aid agencies stepping away from assistance for coal-fired generation (Yukhananov and Volcovici, 2013 , Williams, 2014 , Williams, 2015 and the financial situation of the Bihar electricity utilities, financing for investment in coalfired generation would be a significant risk for investors and banks (Engelmeier et al., 2014a) . For this reason, many of the projects identified in the BSIPB's approvals have not progressed, delaying indefinitely the State's ability to provide the generation capacity for rural electrification.
Costs for transmission and distribution
According to the Power System Master Plan for Bihar, to reach annual peak of 5.4GW (lower than the 5.7GW of lower demand assumption made here), Rs90 bn (approx. $1.5bn) needs to be invested in transmission infrastructure over the period 2009 to 2018 and Rs37 bn (approx. $613,000) over the period 2010 to 2014 for distribution infrastructure. If the higher level of demand was required, this level of investment would need to continue until the peak demand of 12.8GW was reached. Details are provided in Table 4 . Table 5 provides a summary of all the investment requirements for centralised generation and distribution in Bihar using coal sourced from mines to be developed in the Galilee Basin. The cost of the Galilee Basin mine and rail project capital investment after 20 years, is apportioned to Bihar according to the Bihar annual coal requirement as a percentage of full Carmichael Mine production capacity of 60 mtpa. The purchase and development cost of Abbot Point Coal Terminal is apportioned based on coal requirement as a percentage of full coal terminal throughput of 85mtpa.
Total investment required for centralised generation and distribution to rural consumers
Thus over a 20 year period of the electrification project, more than $26 billion will be invested in new infrastructure. For the lower demand option, the investment required is for $9.6 billion.
Other costs of coal-fired generation Water use
Assuming the usage of the NTPC power plants recently commissioned, water requirements for every 1000MW equate to 38million cubic meters per year (Bihar State Power Holding Company, 2015) . 
Carbon emissions over the life-time of the plants
Carbon emissions can be calculated as per Australia's National Greenhouse Accounts Factors (Australian .
Estimating the costs of CO 2 emissions is challenging because of the varying levels of control measures that exist around the world. Here India's coal tax of Rs 100/t of coal is applied, in effect it is a carbon tax of $0.86/tCO 2 e , which is used to fund renewable energy projects. Further details are provided in Table 6 .
Other pollutants emitted from the plants
Nitrogen oxide (NO x ), sulphur dioxide (SO 2 ) and particulate matter form when fuel is burned at high temperatures and are indicated with respiratory problems. Adani does not provide details of the sulphur and nitrogen content of the Carmichael Mine coal. However, the physical and chemical properties of Kevin's Corner and Alpha Coal (two mines also in the Galilee Basin) point to the same level of nitrogen content as Curragh coal mine which supplies Stanwell coal fired power station, and the same level of sulphur content as Kogan Creek coal mine which supplies the Kogan Creek coal fired power station (Bureau of Mining and Petroleum, 2003) . Using the emissions levels from these power stations provides an estimate of the level of emissions likely from power stations burning Galilee Basin coal. Details of emissions can be found in Table 7 .
If the NO x emissions calculated for Bihar's higher demand are aggregated across landmass, Bihar power stations will have emissions at 70% of the level of that of China's. Bihar's SO 2 emissions will be at the same level as China's. Bihar's emissions for the higher demand estimation will be associated with average electricity consumption of just over 840kWh/person/year which is less than a quarter of the electricity consumption of China. If Bihar were to continue to use coal for increasing levels of electricity consumption, the pollution problem would become more acute than China's.
In an attempt to reduce its pollution levels, China is budgeting $278 billion over a five year period to control pollution. Measures to reduce pollution include the control of emissions of SO 2 , NO x and particulates through investment in pollution control technology; caps on consumption of coal for power generation; and the transition away from old coal boilers to either gas or renewable energy (Ministry of Environmental Protection, 2013 , IGES, 2013 . To calculate the potential pollution control cost for Bihar, China's pollution related expenditure of $278 billion is apportioned per kW of coalfired generation capacity and then applied to the installed base of coal-fired generation in Bihar.
Details are provided in Table 7 .
China estimates that air quality improvement will have a social benefit of $320 trillion (IGES, 2013) .
Other research has shown that pollution has created a drag on the Chinese economy of between 5
and 14% which includes welfare loss associated with mortality (72% of welfare loss) and health, productivity loss and lost leisure costs associated with ill-health (28% of welfare loss). From this analysis health, productivity loss and lost leisure costs would equate to 1.7% of GDP.
Bihar's economy is projected to continue to grow at 10% over the next 10 years with the annual health costs excluding mortality on Bihar's GDP capped at 1.7% of GDP in 2019. Calculation assumptions are included in Table 7 .
Premature deaths as a result of air pollution
Burning coal in high population-density areas increases risk for local populations. Bihar has a population density of 1,105/sq.km. By comparison, China has a population density of 142/sq.km, with Guangdong province which has a comparable population size to Bihar having a population density of 589/sq.km. Hebei province, which is infamous for having some of the worst polluted cities in China, has a population density of 387/sq.km.
If the same proportion of the population in Bihar is statistically likely to experience premature death as is being experienced in China, then between 27,000 and 39,000 people per year in Bihar will die prematurely as a result of air pollution. Estimates of the value of human life in India produce highly varied results. (Simon et al., 1999) 
Benefits of centralised generation and distribution to rural consumers
The 29 coal-fired power projects approved by the BSIPB indicate employment opportunities of around 22,000. Applying the average employment included in the proposals to power stations required to meet rural electrification demand, indicates employment potential for 6,670 individuals and at the lower demand, employment potential could be 2,430. Details are provided in Table 8 .
Investment in renewable energy systems and village micro-grids
Biomass and small hydro systems have always been available to remote communities as sources of electrification, so India's Ministry of New and Renewable Energy has long proposed the deployment of small renewable energy configurations to rural locations. However, with the attention and funding given to the electrification of 100% of villages program through transmission and distribution investment, the roll-out of distributed electrification has been limited. As solarPV costs China, having achieved close to its 100% electrification objective, also provides an example of successful electrification programs for remote communities using decentralised power systems.
China encouraged small local renewable and fossil fuel electrification systems that were developed and managed by the local community but with funding and support from central and local
governments. This resulted in rural development, rural capacity building, and the deployment of decentralised options based on the natural resources available to the rural community. Local involvement ensured greater levels of local participation and income creation (Bhattacharyya and Ohiare, 2012).
Understanding the capacity requirement and the cost
As mentioned earlier, capacity requirements tend to vary but are limited by what consumers can afford. (Nouni et al., 2009 ) suggest a household demand of 0.675kW whilst others like (Bhattacharyya, 2006) With solarPV costs decreasing fast, it is difficult to find research which provides current estimates of decentralised renewable energy systems, but there are some relevant studies which are detailed below.
Analysis of village level off-grid systems in Bangladesh used solarPV costs of $2,800/kW, $150/battery(6V) and inverter costs of $200/kW and found that hybrid models of diesel generators and solarPV panels with a mini grid have a LCOE of $0.34-0.37/kWh (Bhattacharyya, 2015) .
Research into the benefits of using solarPV in Bihar to counteract power shortages as a result of supply-demand imbalances of between two and nine hours a day, show that the cost of energy from solarPV panels in the urban setting of Patna is Rs 11.9/kWh (20c/kWh) (Engelmeier et al., 2014a) . Findings in rural Assam, a North East State in India, indicate that customising local resources including biomass, micro-hydro and solarPV reduces the requirement for storage and the delivered cost of energy (Chattopadhyay and Bose, 2012) for villages with 250-300 households and demand of 0.3kW per household. This research also found that these systems could easily be connected to the grid in the future providing benefit both to the grid and the village at little extra cost.
(Greenpeace India, 2012) conducted a bottoms-up calculation of micro-grid electrification of Bihar in 2012, and based on 2011 costs found the overall cost of electrification for Bihar to be Rs11-13/kWh (US$18-21c/kWh) using solarPV, battery, biomass, hydro and micro-grids.
Realistically solarPV costs will be higher in rural areas, but if there is to be a large-scale roll-out of decentralised systems to Bihar, then costs could be similar to those included in the large-scale solarPV implementation report (Engelmeier et al., 2014b) . With the announcement of Adani's Joint
Venture with SunEdison to manufacture low-cost solarPV panels for domestic consumption (Economic Times, 2015) , competition between solarPV manufacturers will place downward pressure on Indian manufactured solarPV module prices.
Extrapolating capital costs for Bihar
In the absence of a detailed study into each village's resources and requirements, a high level extrapolation of village electrification costs is detailed here. Using the (Chattopadhyay and Bose, 2012) research as a framework, and estimating an average of 250 households per village, theoretically 63,337 village installations are required (in reality village sizes vary greatly, as there are a total of 39,015 villages, but for the purposes of this high level assessment and the application of benchmark installations, the theoretical village size is applied to avoid scaling error). Not all villages need be reliant on only solarPV systems because biomass and hydro opportunities are also available (MNRE and IISc, 2004) . Applying capacity and cost assumptions included in (Chattopadhyay and Bose, 2012) , but adjusting for lower solarPV panel costs as included in (Engelmeier et al., 2014b) provides a current cost per village implementation. Table 9 provides the detail of calculations involved in estimating the capital costs for using Bihar's natural resources for rural electrification. The total capital cost utilising solarPV-battery micro-grids, biomass and micro-hydro potential would amount to Rs725 billion ($12.1 bn). This is the investment requirement for 10 years or Version 1 of the decentralised renewable systems because batteries and inverters have approximately 10 year lifespans before requiring upgrade.
The IEA predicts that solarPV will have modest decreases in panel prices over the next 10-20 years but proposes that there is potential for significant decreases in storage costs over the next 10-20 years (IEA, 2014a , IEA, 2014b , which supports expectations that by 2025 the investment cost for decentralised solarPV-battery systems will halve (Fraunhofer ISE, 2015) . For this reason, it is suggested here, that the second round of decentralised renewable systems, Version 2, will enable the upgrade of the village systems with solarPV installations to double capacity at the same price as Version 1.
Thus villagers will have access to a lower level of electrification for 10 years but will be able to upgrade to the higher level of demand as the componentry of the village systems requires replacement, at the same cost or less than the original investment.
It is this property of scalability that makes the decentralised village-based systems attractive for rural electrification. Modest levels of demand can be addressed with small modular systems, which can be upgraded when demand and affordability allow.
Extrapolating rural development benefits from rural electrification program
Every village will require local people to implement, operate and manage each of these small microgrids. There are a few potential sources for estimating the employment opportunities:
 Investment proposals which indicate potential employment of 23,000 for 1.5GW of solarPV for Bihar (Bihar Government, 2014 In order to calculate the benefit in terms of the investment, it is suggested that income potential from employment can be calculated as average GDP/adult. This average income estimation can be applied to employment potential as indicated in Table 10 . Table 11 provides the all-up investment cost comparison for the higher demand level with the assumption that each rural implementation will be able to upgrade and double the size of the implementation at the same cost as the first version. The higher demand level is chosen for comparison to allow for residential demand growth.
RESULTS
Investment requirements to meet demand
Centralised provision of electricity requires $26.6 billion of investment (and associated financing costs) in mining, transport, generation and network infrastructure. By comparison, Version 1 and 2 of the decentralised generation option requires $27 billion of investment in micro-generation infrastructure. Centralised provision of power incurs mortality, health and pollution control costs of $70.7 billion. Once the costs of mortality, health and pollution control are added, the cost of the coal option becomes more than triple the cost of the decentralised option.
Levelised cost analysis
LCOE are estimated based on investment requirements, variable operating costs, financing charges and energy consumption. The different elements of LCOE are calculated as detailed in the next subsections.
Cost of coal from the Galilee Basin
The Adani Carmichael Coal Mine Economic Assessment claims that the production cost of coal from the Carmichael Mine will be around AU$33/tonne of coal over the life of the project (GHD Pty Ltd, 2013). However to the production cost needs to be added financing, overheads, royalties, rail and port costs before it can be exported from Australia. Analysis of the project concludes that the marginal cost of coal, free on board, equates to $AU73/tonne, an estimation that is supported by the analysis of (Buckley and Sanzillo, 2013) although it is lower than other analysts' estimations (Paul and Wilkes, 2014) .
Thereafter the coal needs to be transported to Paradip, a deep water port, on the East Coast of India. A global oversupply of coal has caused miners in Australia to reduce production (Janda, 2014 , Hume, 2015 , with a consequential fall in coal freight rates from higher than $16/t at the beginning of 2014 (Ker, 2014) to approximately $9/t at the beginning of 2015. If however, large volumes were being exported from the Galilee Basin, it is likely that freight rates would recover. The cost of coal delivered to the power station would therefore be US$94/t with detail provided in Table 12 . To this might be added, the cost of fly ash disposal, which currently is transported down the Ganges River to National Waterway 1 and shipped to Bangladesh. There are however proposals to use the ash to manufacture bricks which could eliminate this cost (Bihar Government, 2014) , so it is not included as an additional cost associated with burning coal.
Cost of electricity from coal-fired generation
The LCOE associated with electricity generated using coal sourced from the Galilee Basin is estimated to be $0.084/kWh, based on the assumptions detailed in section 2.
Network costs to distribute electricity from coal-fired power stations
Breakdowns in the cost of electricity provided by the Planning Commission do not provide separate costs for transmission and distribution. With the rural electrification program generally funded by grants or low-interest loans from the Government of India (Bhattacharyya, 2006 , Niez, 2010 ), it appears that the local network costs are included in tariffs as staff/admin/overhead costs, depreciation and interest charges. If the non-power purchase costs are estimated to be the cost of electricity distribution, then the current cost of distributing power in Bihar is calculated to be Rs1.59/kWh (approx. $0.027/kWh) (Planning Commission, 2014a) . This cost may decrease per kWh as consumption increases, but there will be increased costs associated with new customers, so it is assumed that it remains a baseline for distribution cost into the future.
Combining the existing distribution costs with the apportionment of the investment costs and the cost of network losses of 20% provides a transmission and distribution cost of Rs 3.09/kWh (approx.
$0.052/kWh). Details are provided in Table 13 .
Levelised cost of village level decentralised electrification
Using the investment costs as detailed above, and applying operating costs as detailed in (Chattopadhyay and Bose, 2012 , IRENA, 2012a , IRENA, 2012b , allows a comparable LCOE of Rs8.10 ($0.135/kWh) for the village level decentralised model as detailed in Table 14 .
Levelised cost comparison
Centralised provision of electricity from coal equates to a cost of 13.5c/kWh compared to 13.5c/kWh for decentralised electricity, as detailed in Table 15 . Network losses for the provision of power from central sources are assumed to be 20% of energy sent out, which is considerably lower than current losses. This suggests that 13.5c/kWh could be understated.
When the welfare costs per kWh consumed from coal generation are added to the LCOE comparison, the cost of electricity from coal-fired generation becomes 24c/kWh which is significantly higher than the decentralised option.
DISCUSSION
High levels of outages, theft, demand-supply imbalance, financial problems for state electricity utilities, and a high proportion of households still without access to electricity are the result of an electrification policy with a focus on a singular solution. It is widely considered that this policy has been ineffectual despite significant investment (Chattopadhyay, 2013) . The financial scale and industrial consumption required for large coal-fired generation has hampered the process of electrification to all.
Developing mines and rail-links in the Galilee Basin and building power stations and network infrastructure to meet demand in Bihar will require $26.6 billion of investment in 3 international projects and approximately 15 domestic projects. By comparison, the decentralised option requires $27bn of investment in 2 phases of thousands of projects. The decentralised option provides consumers with a lower potential for consumption for the first 10 years, but they benefit from the increase in technological capability after waiting 10 years.
Decentralised investments implemented in stages and upgraded as technology advances, allow for smaller absolute investment and financing required for shorter periods of time. The risks of the investment in decentralised systems are spread over a wider base reducing the overall risk profile.
The decentralised model encourages rural development through local investment and employment as opposed to the centralised model which concentrates financial returns and employment benefits in urban centres and other states and countries.
The LCOE of centralised power is approximately the same as the decentralised option if the externalities are specifically excluded. However centralised generation, at 67% capacity factor, assumes the generation of a larger amount of energy than does the decentralised option. This larger amount of energy is predicated on 2 assumptions. Firstly, rural consumers will be able to afford the higher levels of demand, and secondly industry consumption will grow significantly in Bihar. In the model as calculated 12.3GW of coal-fired plant can be expected to generate 72TWh. However, the 12.3GW capacity requirement has been based on residential demand only, and will generally only be drawn down for 4-6 hours at night. Thus at the higher level of demand only 20TWh per annum will be consumed by residential customers. At an optimistic network loss of 20% a further 14TWh will be lost in distribution, leaving 38TWh of energy in search of industrial consumers. Currently, Bihar's non-domestic consumption is 6TWh and from that level is expected to rise to 10TWh over a 5 year period (12TWh under an optimistic scenario) (SNC-Lavalin, 2010) . 
CONCLUSION AND POLICY IMPLICATIONS
Coal has been the preferred fuel for stationary energy for more than 100 years. Its history tells a story of a major contribution to development but also to ill-health since the industrial revolution. Its legacy is that it has contributed to the stock of carbon dioxide in the atmosphere that now threatens the stable climate that has underpinned global economic growth. The cost of coal lies not only in extracting and transporting it to demand centres, but also in the cost to current and future populations.
This paper finds that using coal to provide electrification to densely populated Bihar will require high levels of investment and finance, and incur mortality and health costs from pollution. Providing electricity from a staged introduction of local renewable energies would be preferable. The roll out of small, decentralised renewable energy systems to villages in rural India will provide greater benefit to the villagers through the potential for business and employment from a large rural development stimulus program. This leapfrog of traditional electricity generation technology to emergent renewable technologies has significant policy implications for the Indian government.
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